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Introduction
There are intensifi ed demands on medical, political and epidemiological grounds for prope r determination and classifi cation of cause of perinatal death. [1] [2] [3] [4] [5] The largest subgroup of perinatal mortality worldwide is the stillbirth group consisting of intra-uterine fetal deaths (IUFD) and intrapartum deaths. Current use of classifi cation systems for analyses of this subgroup consistently report of about two thirds of these deaths as being unexplained. 6 Classifi cation of cause of death is needed for the individual patient in the process of mourning, for the purpose of counselling and prevention and for the comparison of health care nationally and internationally. Classifi cation of IUFD is complex due to the complicated pathophysiological processes encountered in the mother, fetus and placenta, and as a result of their interaction. 7 The multiplicity of contributing factors and the different background of the clinicians involved, adds to the complexity.
Different classifi cation systems have been designed for different reasons with different approaches, defi nitions, levels of complexity and availability of guidelines. No single system is universally accepted and each has strengths and weaknesses. 8, 9 Problems occur during use and comparison of different systems. Our research group developed a new classifi cation system for perinatal mortality: the Tulip classifi cation, in anticipation of current needs. 8 This system was designed by a multidisciplinary panel. Placental causes of death formed our largest cause of death group. This is in accordance with others who also found placental causes of death in up to 60% of perinatal mortality cases. 2, [10] [11] [12] [13] However, availability of a placental death group varies in internationally used classifi cation systems.
Our goal for this study was to investigate underlying cause of death for an IUFD group after evaluation of clinical and diagnostic information. Special interest was in placen tal causes. Our objective was to compare use of the Tulip classifi cation with other currently used classifi cation systems for IUFD. Question was whether information is gained or lost by classifi cation in the different systems. This could have consequences for counselling parents on recurrence risks, for targeting placental research and preventive strategies, and for the validity of vital statistics. Chapter 8 -108 -
Methods
In 2002 we initiated a national study on IUFD at the University Medical Center in Groningen ( UMCG) with 50 participating hospitals throughout the Netherlands. Inclusion criteria for the study were singleton IUFD's diagnosed antepartum after 20 weeks of gestation. For each included IUFD a case record form was fi lled in and a standard diagnostic work-up protocol was performed.
Patient information sets included baseline characteristics such as date of delivery, gestational age, medical and obstetric history; maternal characteristics; fetal characteristics including fetal and placental weights at birth; pregnancy details and obstetric discharge letters. Apart from these characteristics, diagnostic test results were available including: pathological fi ndings concerning autopsy and placental investigation; maternal blood tests; maternal viral serology; fetal blood tests; fetal viral serology; cultures from mother, fetus and placenta; and chromosomal investigation. Autopsy and placental examination were performed by local pathologists in participating hospitals after parental consent was obtained. No national pathological guidelines regarding autopsy and placental examination after IUFD exist, therefore we urged participating pathologists to follow our study guidelines for autopsy and placental examination based on the guidelines published by the Royal College of Obstetricians and Gynaecologists 14 and the Royal College of Pathologists and the College of American Pathologists. 15, 16 After patient sets were made as complete as possible panel classifi cation sessions were initiated. Procedures were agreed upon in advance. For fetal and placental weights at birth gestational age at determination of IUFD was used. Small for gestational age (SGA) was defi ned as birth weight < 10 th percentile. 17 Placenta hypoplasia was defi ned as an absolute too low placenta weight < 10th percentile and/or a too low placenta/birth weight ratio. 18 We defi ned placental bed pathology for preterm cases as any infarctions found at placental histology and for term cases as extensive infarction that affected > 10% of the placental area. 19 Cause of death "placental bed pathology" was allocated if in our opinion the percentage of infarcted parenchyma in relation to the weight of the placenta was severe enough to cause death. The classifi cation panel consisted of two obstetricians, an obstetric resident, and a paediatric pathologist. All panel members prepared each case individually using the patient information sets where after panel discussions were held and a panel consensus on cause of death was agreed upon. No other information sources were consulted. Only one underlying cause of death could be allocated. For each classifi cation system we added "problematic classifi cation" as cause of death group. This cause was classifi ed if allocation of cause -109 -of death caused confusion for a system and/or two causes of death groups could be allocated at the same time.
Used classifi cation systems for cause of death
After panel discussion on the basis of use of existing classifi cations and current obstetric, pathologic and genetic literature on causes of IUFD we selected six classifi cation systems besides the Tulip classifi cation. These systems represent different approaches of classifi cation with different defi nitions. The selected systems were as follows: the extended Wigglesworth, 20 the modifi ed Aberdeen, 21 classifi cation by Hey et al., 22 by Hovatta et al., 23 by de Galan-Roosen et al., 24 and by Morrison and Olsen. 25 The reason for choice of the system as well as the system itself will be discussed in the following paragraphs.
The Tulip classifi cation is a single cause classifi cation system aiming to identify the initial demonstrable pathophysiological entity initiating the chain of events that has irreversibly led to death. Cause of death is based on the combination of clinical fi ndings and diagnostic test results, including pathological fi ndings for the purpose of counselling and prevention. 8 As our goal was to particularly focus on placental causes of death we discuss this part of the guideline.
Placental cause of death
Cause of death is explained by a placental pathological abnormality supported by the clinical fi ndings. The extended Wigglesworth classifi cation, the modifi ed Aberdeen and the classifi cation by Hey et al. [20] [21] [22] are based on the earliest developed classifi cation systems.
These systems have different approaches and are the most commonly used systems for British statistics. 3 In addition, both the extended Wigglesworth and the modifi ed Aberdeen 20, 21 are most widely used throughout the world. [26] [27] [28] [29] [30] [31] Wigglesworth's advocated a pathophysiological approach and the goal of the classifi cation is to subdivide cases into groups with clear implications for priorities for prevention and alterations in clinical management. The modifi ed Aberdeen is a clinicopathological classifi cation, the fi rst version was proposed by Baird et al. 21 and aim is to classify each death in accordance with the factor which probably initiated "the train of events ending in death".
It is almost entirely based on clinical information as in the experience of the designers of the system post-mortem examinations fail to explain cause of death in many cases.
The classifi cation by Hey et al. 22 is based on the bound classifi cation. 32, 33 This classifi cation has a pathologic approach based on fetal and neonatal entities and aim is to defi ne the clinicopathological process within the baby and the way they contribute to, and help to explain the baby's death. Hovatta et al. 23 designed a system especially for the group of stillbirths. Aim is to classify underlying cause of death considering both clinical and autopsy fi ndings. The classifi cation groups are based on maternal, fetal, placental or a combination of these entities. Defi nitions for the placental causes, however, do not exist.
The classifi cation by de Galan-Roosen et al. is one of the few systems based on maternal, fetal and placental entities. 24 Aim is to serve prevention and classify underlying cause of death with a clinicopathological approach based on the entities that initiated the chain of events leading to death. The group placenta pathology is defi ned as follows in the guideline. The classifi cation by Morrison and Olsen 25 is especially designed for stillbirths based on the clinicopathological classifi cation of the British perinatal mortality survey. 34, 45 The major contributing cause of death selected is based on maternal entities with an obstetric clinical approach and divided into specifi c weight categories. Aim is to serve prevention and study or defi ne implications for that geographical area or clinic studied. Their group hypoxia; placental insuffi ciency is defi ned as: "autopsy evidence of hypoxia with appropriate weight for gestation, with meconium or meconium-stained membranes in vertex presentation; or birth weight/placental weight ratio > 7:1 or placental infarcts >25%". The group hypoxia; cord accidents/compression is defi ned as: "nuchal cord ≥ 2, or true knot, or prolapse, or perforation at amniocentesis".
Relevant conditions
The latest published classifi cation is the system by Gardosi et al. in 2005. 3 Their ReCoDe classifi cation seeks to establish relevant conditions at death taking into account mother, fetus and placenta. This system is not designed for allocation of cause of death. From the start of our panel sessions we classifi ed contributing factors for the Tulip classifi cation besides cause of death. Our contributing factors are defi ned as other known factors on the causal pathway to death, e.g. risk factors. These contributing factors are very similar to ReCoDe's relevant conditions. Combining information from our Tulip causes of death and contributing factors it was therefore possible to classify relevant conditions according to the ReCoDe classifi cation. Table 1 . Largest cause of death group for 312 cases was placenta (64.3%).
Largest placenta subgroups were placental bed pathology in 166 cases (34.2%) and placental pathology/development in 76 cases (15.7%). No cases were allocated to the group prematurity as we studied on IUFD cohort. Eight cases were allocated to the infection group. In 113 cases (23.3%) cause of death remained unknown, and in 30 cases important information was missing. Table 2, Table 3, Table 4, Table 5, Table 6 and Table 7, respectively. Relevant conditions for our 485 cases according to the R eCoDe cla ssifi cati on by Gar dosi et al. are shown in Table 8 .
The extended Wigglesworth and the modifi ed Aberdeen, which are amongst the internationally most used classifi cation systems have an excessive number of unexplained cases and do not include placental causes of death in their system ( Table 9 ).
The Tulip system illustrates that a large group of these unexplained deaths have a placental cause of death. For the modifi ed Aberdeen 293 cases were "unexplained" and four cases were "problematic". Contrary, eight "unknown" cases in the Tulip classifi cation were allocated a known cause in the modifi ed Aberdeen: congenital anomaly (n = 1); pre-eclampsia (n = 1); antepartum haemorrhage (n = 2) and maternal disorder (n = 4). For the extended Wigglesworth classifi cation 429 cases were "unexplained" and one case was "problematic", and one case classifi ed as "unknown" in the Tulip classifi cation was classifi ed as congenital defect/malformation in the Wigglesworth.
-113 - (Table 10 ). Use of placental subgroups triggers the discussion on defi nitions of these groups. Largest placental subgroup for the Tulip classifi cation was "placental bed pathology" (n = 166, 34.2%), in 42 cases this cause of death was allocated due to an abruptio placentae, in 122 cases due to placental infarctions and in two cases both were present. Others also worked with the same cut-off point for infarctions. 24, 36 Morrison and Olsen have a higher (25%) cut-off point. 25 Second largest placenta subgroup was "placental pathology; development" in 76 cases (15.7%). In 50 cases this cause of death manifested as placental hypoplasia. We assume that part of this group comprehends cases with "placental bed pathology" as cause due to sampling error. 37 Moreover, dependent on the references used for placental weight and placenta/birth weight ratios, allocation of placental hypoplasia can vary. 18, 38 To improve validity of statistics, uniformity of defi nitions of these large placental subgroups are needed.
-124 -
The classifi cation by de Galan-Roosen et al. has been validated with a low percentage (7%) of unclassifi able cases. 2 However, several placental pathological entities are crudely divided into two groups only. Ninety-eight cases (20.2%) were allocated to "placenta/cord pathology; acute/subacute" and 118 (24.3%) cases to "placenta/ cord pathology; chronic/progressive". The second problem we faced was the large group allocated to "problematic classifi cation" (108 cases). This was mainly due to the cases with > 10% placental infarctions (death group: "placenta/cord pathology; acute/ subacute") together with a small for gestational age fetus ("placenta/cord pathology; chronic/progressive"). Although cause and mode of death are relevant aspects of the pathophysiology of IUFD, these items are two separate entities which should not be merged into one.
Any classifi cation system that results in a low proportion of cases with a known cause of death does not seem to be fulfi lling its purpose. Due to differences in defi nition, it is diffi cult to compare the percentages of unexplained cases in the different systems. For the total percentage of unknown cause of death groups we studied the groups "unknown", "unexplained", "unclassifi able" and "problematic classifi cation"
together. The cause of death group "unknown" varied from 0% in the classifi cation This system only has cause of death groups for malformed stillbirths, stillbirths with clear microbiological evidence of infection or with hydrops fetalis. All other stillbirths are classifi ed in the group "unexplained antepartum fetal death". Nevertheless, as is shown in Table 9 cause of death is evident for a large group of these stillbirths. For the classifi cation by Hey et al. no deaths were classifi ed as "unclassifi able" or "unknown", however, 88.4% of cases were allocated to the group "asphyxia antepartum". In our opinion asphyxia is not a cause of death but a clinical condition which is the result of an underlying cause of death and can be defi ned in many cases. 4 Similarly in the system of Hovatta et al. 8 .3% of cases were classifi ed as "asphyxia for unexplained reasons". In fact these cases should be added to the cause of death group "unknown" and, therefore, their percentage of "unknown" increases from 21.6% to 29.9%. This also accounts for the group "hypoxia; intra-uterine growth retardation" in the system by Morrison et al. (24.9%) . As is shown in Table 10 most of the "asphyxia and hypoxia related" causes have placental pathology as underlying cause of death. A large group of unexplained IUFD's is often due to design of the system itself and lack of amendment of the system to present insight into pathophysiology of IUFD. In 23.3% of -125 -cases the cause remained "unknown" for the Tulip classifi cation (Table 1 ). In about two thirds of deaths the cause remained "unknown" because important information was missing. This suggests that many of these deaths may be under investigation rather than truly unexplained. Although some systems aim to classify underlying cause of death, mechanism of death and risk factors are often mixed. 39 Cause of death groups should consist of pathophysiological entities. Many systems consist of cause of death groups that encompass clinical conditions such as pre-eclampsia, 21 antepartum haemorrhage, 25 breech presentation 21 and intraventricular haemorrhage. 22 Similarly intra-uterine growth restriction is a clinical condition of several causes of death, see Table 10 .
Recently Gardosi et al. 3 published their ReCoDe classifi cation that seeks to establish relevant conditions at death considering mother, fetus and placenta. Their system has evoked a new discussion on classifi cation as they do not classify cause of death. The system is easy to use, as panel sessions are not needed, with retainment of important information. However, guidelines for the ReCoDe classifi cation are less clear and this resulted in confusion of allocation of relevant conditions. Hierarchy underestimates the importance of some of the items in the lower part of the system. Results of our cohort presented in Table 8 are comparable to the stillbirth cohort presented by Gardosi et al.
Largest relevant condition for our group was fetal growth restriction (30.3%) compared to 43.0%. 3 In our IUFD cohort 14.2% of cases were unclassifi ed versus 15.2%. 3 We agree with Gardosi et al. that these relevant conditions give insight into the death.
However, if classifi cation of the underlying cause of death is added more insight is warranted. For the Tulip classifi cation 27.6% of cases in the placental group were small for gestational age at birth versus 8.7% in the other cause of death groups illustrating diversity in cause of death for these small fetuses. Recording of growth restriction as a contributing factor is nevertheless important for management and counselling of future pregnancies.
In conclusion, comparison of seven classifi cation systems for cause of death and one system for relevant conditions applicable for the IUFD group illustrated different problems during use. Largest cause of death group for IUFD was placental pathology, and largest contributing factor was growth restriction. This illustrates the vital role of the placenta in determining optimal fetal development. Internationally used systems without placental cause of death groups or minimal subdivision of this group are in our opinion not useful in modern perinatal audit. Systems with a low proportion of known causes of death or cause or death groups consisting of clinical manifestations of -126 -pathophysiological entities are not useful either as this results in loss of information.
Of the systems we compared the Tulip classifi cation met the requirements for a useful classifi cation best. This classifi cation is currently in use in the Netherlands for national audit studies. 40 International use of the same classifi cation system for cause of death will facilitate comparison of statistics. Future classifi cation efforts and research should be aimed at further defi nition of the placental cause of death groups, investigation into the differences in clinical manifestations of placental causes of death and the prevention of these deaths.
